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A fastener (100) is disclosed for attaching soft tissues. The fastener (100) comprises a shank (105) and an enlarged 
head (1 10) disposed on one end of die shank (105). A central bore (165) passes completely dirou^ the fastener along its 
longitudinal axis, and a phirality of diametricaUy projecting ribs (135) are disposed along die lengdi of the shank (105). 
The fastener (100) is delivered to the surgical site by loading it coaxially onto a guide wire (400) and then sliding the fasten- 
er, down along die wire until the tip of die fastener reached the attachment poinL Then the head of the fastener is struck so 
as to drive the shank of die fastener through the soft tissue and into the bone, with the head of the fastener engaging the 
soft tissue and captivating it against the bone. Thereafter, the guide wire (400) is removed, leaving the soft tissue securely 
attached to the bone by the fastener. 
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SPRGICAL FASTJSMJik 

ELeld Of The Invention 

This invention relates to surgical devices in 
generea, and more particularly to surgical fasteners of 
the sort adapted to attach soft tissues (e.g. 
ligaments, tendons and the like) to bone and bone-like 
structures. 

Background of The rnvtmi'Af.rt 

Numerous surgical fasteners have been developed for 
use in. joining together two or more body parts and/or 
prosthetic devices. See/ for example, U.S. Patents Nos. 
3716058 (Tanner, Jr.), 4060089 (Holies), 4263903 
(Griggs), 4454875 (Pratt et al.), 4548202 (Duncan), 
4570623 (Ellison et al.) , 4580563 (Gross), 4590928 
(Hunt et al.), and 4635637 (Schrelber) , and the 
references cited therein, and PCT Publication No. WO 
85/03857 (Schrelber). 

Still other fasteners have been developed for use 
In joining together tvo or more parts. See, for 
exam^lB, U.S. Patents Nos. 2523239 (Tinnermah) , 2853913 
(Rapata), 2927497 (Rapata), 3494244 (Wayland), 3810279 
(Swick et al.); 4395174 (Freeman), 4396329 (Wollar), 
4402641 (Arff)> 4427328 (KOjima) , and 4551189 
(Peterson), and the references cited therein, and DK 
Patent Specification No. 520169 (Universal Rubber 
Pavlors Limited) and Canadian Patent No. 1015989 
(Russo) . 
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PftiectS Of The Tnvoi^^<^^ 

One of objects of tbe present invention is to 
provide a novel surgical fastener of the sort adapted 
to attach soft tissues (e.g. ligaments, tendons and the 
like) to bone and bone-like structures. 

Another object of the present invention is to 
provide a novel surgical fastener of the sort adapted 
to attach soft tissues (e.g. ligaments, tendons and the 
like) to bone and bone-like structures, wherein the 
fastener is designed to minimize bone necrosis. 

Still anotjier object of the present invention is to 
provide a novel surgical fastener of the sort adapted 
to attach soft tissues (e.g. ligaments, tendons and the 
like) to bone and bone-like structures, wherein the 
fastener is designed to be used arthroscopically. 

And another object of the present invention is to 
provide novel means for deploying the aforementioned 
surgical fastener. in a remote, e.g. arthroscopic, 
location. 

Yet another object of the present invention is to 
provide a coii5)lete system for attaching soft tissues 
(e.g. ligaments, tendons and the like) to bone and 
bone-like structures. 

And still another object of the present invention 
is to provide a novel method for attaching soft tissues 
(e.g. ligaments, tendons and the like) to bone and 
bonerlike structures. 
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Sunmarv Of The TiwPiT«-<ft^ 

These and other objects of the present invention 
are achieved through the use of a novel surgical 
fastener which eooprises a shemk and an enlarged head 
disposed on one end of the shank. A central bore passes 
completely through the fastener along its longitudinal 
axis, and a plurality of radially projecting ribs are - 
disposed along, the length of the shank. 

.The foregoing fastener is used to attach soft 
tissues (e.g. ligaments, tendons and the like) to bone 
and bone-like ptmctures in the following manner. 
First, the soft tissue is placed against the bone and 
then a thin guide wire is passed through the soft 
tissue and into the bone. A cannulated drill is then 
loaded coaxially onto the guide wire and is moved down 
the guide wire and worked on the guide wire so as to 
form a hole through the soft tissue and into the bone. 
Next, the cannulated drill is withdrawn from the guide 
wire and the aforementioned surgical fastener is loaded 
coaxially onto the guide wire. Then a hollow driver is 
loaded coaxially onto the guide wire and is used to 
successively strike the head of the fastener so as to 
drive the shank of the fastener through the soft tissue 
and into the bone, with the head of the fastener 
engaging the soft tissue and captivating it against the 
bone. Thereafter, the hollow driver is withdrawn from 
the guide wire, and then the guide wire is removed from 
the soft tissue and the bone, leaving the soft tissue 
securely attached to the bone by the surgical fastener. 
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Brief Deaerip<^<ftT of tha p^^^j^^^ 

These and other cAjects and features of the present 
invention wUl be more fully disclosed or rendered 
obvious in the following detailed description of the 
invention, whibh is to be considered together with the 
accompanying drawings wherein like nuinbers refer to 
like parts and further wherein: 

Fig. 1 is a side elevation of a surgical fastener 
nade in accordwce with the present inventions- 
Pig. 2 is a top view of the same surgical fastener, 
taten along line 2-2 of Pig. i; 

Fig. 3 is a bottom view of the same surgical 
fastener, taken along line 3-3 of Pig. i; 

Fig. 4 is a partial side elevation showing a soft 
tissue (e.g. a. ligament, tendon or the like) placed 
against a bone, with a guide wire having been inserted 
through the soft tissue and into the bone; 

Fig. 5 is a view like that of Pig. 4, except that a 
cannulated drill has been loaded coaxially onto the 
guide wire and used to drill through the soft tissue 
and into the bone; 

Fig. 6 is a view like, that of Fig. 5, except that 
the cannulated drill has been removed from the guide 
wire and a surgical fastener of the type shown in Pig. 
1 has been loaded coaxially onto the guide wire, and a 
hollow driver has been loaded coaxially onto the guide 
wire; 

Fig. 7 is a view like that of Fig. 6, except that 
the fastener has been fully driven through the soft 
txssue and into the bone by the hollow driver so as to 
securely fasten the soft tissue to the bone; 
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Fig. 8 is a view like tbat of Fig. 7, except that 
the hollow driver and the guide wire have been removed; 

Fig. 9 is a view like that of Fig. 1, except that 
an alternative form of surgical fastener having eight 
ribs is shown; 

Pig 10. is a top view of the surgical fastener 
shown in Pig. 9, taken along line 10-10 of Pig. 9; 

Fig. 11 is a bottom view of the surgical fastener 
shown in Pig. 9, taken along line ll-ll of Pig. 9; and 

Fig. 12 is a view like that of Pig. i, except that 
another alternative form of surgical fastener having a 
modified rib construction is shown. 

p^tailed Description Of The Inventjon 

Looking first at Figs. 1-3, there is shown a 
surgical fastener 100 made in accordance with the 
present invention. Fastener 100 comprises a shank 105 
and a head 11 o which are preferably formed integral 
with one another. Shank 105 comprises a first portion 
115 which has an outer diameter of approximately 0.138 
inches, a second portion 120 which has an outer 
diameter of approximately 0.118 inches, and a third 
portion 125 which has an outer diameter of 
aiqproximately 0.118 inches adjacent second portion 120 
and which narrows (at approximately an 8-14 degree 
taper) to a diameter of approximately 0.063 inches 
immediateJy adjacent the fastener's front tip surface 
130. 

Shank 105 has three radially projecting ribs 135 
disposed along its length. One of the ribs 135 is 
disposed at the intersection of first portion lis and 
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second portion 120, one of the ribs 135 is disposed at 
the intersection of second po3±ion 120 and third 
portion 125, and one of the ribs is disposed 
intermediate the length of second portion 120. Ribs 
135 each con^rise a leading surface 140 set at an 
approximately 45 degree angle to the longitudinal axis 
of fastener lOO, and^a peripheral suxrface 145 which 
extends approximately 0.020 inches along the 
longitudinal axis of fastener 100 and which has an 
outer diameter of approximately 0.157 inches. 

Head 110 has an outer diameter of approximately 
0*256 inches and terminates in a top end surface 150, a 
cylindrical- side surface 155 and a lower surface 160. 
Head 110 has a thickness of approximately 0.069 inches, 
when measured from its top end surface 150 Ho its lower 
surface 160. 

Surgical fastener. 100 has an overall length of 
approximately 0.710 inbhes, when measured from its 
front tip surface 130 to its top (i.e., trailing) end 
surface 150. 

A bore 165 having an internal diameter of 
approximately .0.048 inches passes completely through 
the fastener along its longitudinal axis, i.e., it 
extends from the fastener's front tip surface 130 to 
its top (i.e., 'trailing) end surface 150. 

Looking next at Pigs. 4-8, the aforementioned 
surgical fastener 100 is intended to be used to attach 
a soft tissue (e.g. a ligament, tendon or the like) 200 
to a bone (or another bone-like structure) 300. 

'For the sake of convenience, soft tissue 200 will 
hereinafter be described as a Ugament 200; however, it 
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is to be understood that member 200 might also 
constitute a tendon or some other type of soft tissue 
which is to be attached to a bone (or another bone-like 
structure) 300. 

Looking specifically nov at Fig. 4, ligament 200 is 
first positioned against the bone 300 which it is to be 
attached to. Next, a long thin guide wire 400 is 
passed through ligament 200 and into bone 300. Guide 
wire 400 has a diameter of approximately 0.035 inches 
and its leading tip 405 preferably penetrates bone 300 
to a depth of at least 0.75 inches. It is to be 
appreciated that the guide wire's leading tip 405 is 
substantially pointed so that it can more easily 
penetrate through ligament 200 and into bone 300. Guide 
wire 400 may be emplaced simply by pushing it through 
the ligament and into the bone, or .it may be mounted in 
a drilling device (not shown) to facilitate entry., in 
the event that the -guide wire 400 is intended to be 
simply pushed through ligament 200 and into bone 300, a 
supporting cannula of the sort well known in the art 
(not. shown) may be concentrically mounted around at 
least a portion of the guide wire during insertion so 
as to help maintain the linear shape of the guide wire 
during penetration, if such a supporting cannula is 
used, it is removed from around the guide wire as soon 
as the guide wire has been properly positioned in the 
manner shown in Pig.. 4. Alternatively, in the event 
that guide wire 400 is intended to be drilled through 
ligament 200 and into bone 300, the guide wire's 
leading tip 405 may also include a helical drilling 
thread (not shown) to facilitate penetration. If a 
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drilling device is used to deploy guide wire 400, the 
drilling device is detached from the guide wire as soon 
as the guide wire has been properly positioned in the 
manner shown in Pig, 4, 

Looking next at Pig. 5, a cannulated drill 500 
having an axial bore 505 is then concentricaUy mounted 
onto the free top end of guide wire 400 and is noved 
downward along the guide wire until the drill's leading 
tip contacts the upper surface of ligament 200. Then, 
using guide wire 400 as a drilling guide, cannulated 
drUl 500 is drilled through ligament 200 and into bone 
300. cannulated drill 505 is si2ed so as to form a hole 
approximately 0.134 inches in diameter in ligament 200 
and bone 300, Cannulated drUl 500 cuts into bone 300 
to a depth of approximately 0.75 inches, whereupon it 
is withdrawn from ligament 200 and bone 300 and then 
removed from the guide wire. It is to be appreciated 
th^t the entire time the foregoing is being 
accomplished, guide wire 400 is left in place in bone 



300. 



It is also to be appreciated that when cannulated 
drill 500 is removed from guide wire 400, a hole will 
be left in ligament 200 and bone 300, with guide wire 
400 being disposed axially within the hole. As seen in 
Fig. 6, the portion of the hole extending through 
ligament 200 (indicated generally at 205) may tend to 
close somewhat upon the withdrawal of cannulated drill 
500 due to the somewhat resilient nature of ligament 
200, whereas the portion of the hole extending into 
bone 300 (indicated generally at 305) may not. The 
hole portion 305 will tend to terminate in a bone 
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Shoulder 310 at the base of the hole. 

Looking now at Fig. 6, the surgical fastener 100 is 
then loaded concentrically onto guide wire 400, with 
the fastener's front tip surface 130 leading, so that 
the guide wire passes through the fastener's central 
bore 165. Depending on the tightness of the fit 
between fastener 100 and guide wire 400, as well as the 
presence of any intervening obstacles, fastener lOO may 
then slide down guide wire 400 under the influence of 
gravity until the fastener contacts ligament 200, or it 
nay simply sit at the top end of guide wire 400, 
waiting to be urged down the guide wire. In this 
respect, it is to be appreciated that even if fastener 
100 should migrate down guide wire 400 on its own, 
inasmuch as the hole 205, 305 formed in ligament 200 
and bone -300 has a diameter of approximately 0.134 
inches, and iiiasmuch as ligament 200 may also tend to 
close somewhat about the hole poztion 205 as noted 
above, and also inasmuch as the ribs 135 of fastener 
100 have an outer diameter of approximately 0.157 
inches, the fastener will in any case tend to engage 
and be stopped by the ligament. 

Still looking at Pig. 6, a hollow driver 600 is 
then coaxially fitted onto the free top end of guide 
wire 400. Hollow driver 600 has an internal bore 
diameter of approximately 0.055 inches and an external 
diameter of approxiiuately 0.25 inches, whereby hollow 
driver 600 can move easily up and down guide wire 400 
to contact the head of fastener 100. 

Looking next at Fig. 7, hollow driver 600 is then 
used to first move fastener 100 down the guide wire to 
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engage ligament 200 if the fastener is not yet in 
engagejuMit with the- ligament, and then to repeatedly 
strike fastener 100 on its upper surface 150, whereby 
the fastener's - shank can be driven through ligament 200 
and into bone 300 so that the shank looks itself into 
bone 300 idiiie the head of the fastener captivates the 
ligament against the bone. It is to be appreciated that 
ribs 135 are sized and formed so that they strongly 
engage, and form a good grip with, the walls of bone 
300 defining bore portion 305. 

Finally, once the fastener has been completely 
driven into bone 300 so that the head of the fastener 
securely captivates the ligament against the bone, 
hollow driver €00 is withdrawn from it coaxial position 
on guide wire 400, and guide wire 400 is then withdrawn 
from fastener 100, ligament 200 and bone 300, leaving 
fastener 100, ligament 200 and bone 300 securely 
disposed in the positions shown in Pig. 8. It is to be 
appreciated that upon the removal of guide wire 400 
from bone 300, an additional bore section 315 
(corresponding :to the location of guide wire 400 prior 
to its removal) mays remain in bone 300 below bore 
section 305. It is also to be appreciated that upon 
the removal of -guide .Vire 400 from bone 300, the 
fastener's central bore 165 may then be sealed by ways 
well known in the art (e.g. by filling with bone wax) 
so as to seal off the interior of bone 300 from the 
region outside the bone. 

In some circumstances it may be desired to have 
fastener 100 remain permanently in the body, without 
any substantial degradation o^er time; in this event. 
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fastener 100 nay be foned out of materials such as 
polypropylene, Bytrel (R) copolyester, or honopolyner 
polyesters, e.g. polyethylene terephthalate or 
polybutylene terephthalate, or nylon, or polyethylene, 
or polycarbonate, or acrylonitrile butadiene styrene 
block copolyners. 

In other circumstances it may be desired to have 

. fastener 100 remain intact in the body only 
tea^jorarily, aftd to have it thereafter degrade and be 
naturally absorbed into the body after the passage of 
some time interval; in this event, fastener 100 nay be 
formed out of materials such as homo and copolymers of 
glycolide and trinethylene carbonate, hono and 
copolyners of lactide and glycolide, or a blend of 
these honopolymers and copolymers. Such fasteners may 
also be coated with longer lasting materials, e.g. 
caprolactone and glycolide homo and copolymers, or 
glycolide and lactide hono and copolymers. Of course, 
the exact con^sition of such absorbable fasteners will 

vary according to the absorption characteristics 

desired. Such compositions are well known to persons 

skilled in the art. 

The fasteners nay also be made ,but of composites of 

the foregoing nonabsorbable and absorbable materieas 

and bone growth prcnoters, e.g. hydroaeyapatite, calcium 

phosphate, etc., or other ceramics. 

'The fasteners nay also be coated with functional 

agents such as antibiotics, anticancer drugs, etc. to 

facilitate delivery of the agents to the inplant site. 
If possible, fastener 100 is preferably formed out 

of a slightly resilient material, whereby the 
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faatmer's ribs 135 may deform slightly upon engageaent 
with ligaaent 200 and especially bone 300 and 
thereafter "spring back" to form a good grip with the 
walls of bone 300 defining bore portion 305. Also, if 
possible, fastener lOO is foraed out of a material 
Icnown to minimiae bone necrosis. 

It should be noted that certain features of 
fastener 100 facilitote its deployment and function. 
For example, the narrowing character of the fastener's 
shank portion 125 provides a somewhat pointed front end 
Which helps guide the insertion of fastener 100 into 
ligament 200 and bone 300. Also, the enlarged diameter 
Of the fastener's shank portion lis (relative to its 
shank portion 120) provides added strength to help keep 
the deployed fastener intact when it is subsequently 
subjected to stresses in the patient's body. Also, the 
fastener's ribs 135 are positioned along shank 105 so 
that they preferably reside inside the bone's interior, 
softer canceUous region, rather that residing inside 
the bbne's more brittle exterior cortical region. 
Furthermore, the intersection of the fastener's top end 
surface 150 and its cylindrical side surface 155 is 
rounded slightly so -as to minimize any interference by 
the fastener with other bodily parts. 

It should also be noted that the features of 
fastener 100 and the specif ic manner in which it is 
intended to be -deployed facilitate the use of the 
fastener in arthroscopic applications wherein the 
fastener must generally be deployed in a remote 
location Which 'can be reached only through a narrow 
cannula providing an access portal of a few • 
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nllliaeters. 

It is also to be appreciated that certain changes 
could be made to the stirgical fastener 100 described 
above without departing from the scope of the present 
invention. 

Thus, for example, the overall appearance of 
fastener lOO could be maintained but its dimensions 
changed, e.g. the fastener could be enlarged so that it 
has a length of 1.420 inches (rather than 0.710 inches 
as described above) , with the various dimensions of the 
fastener being correspondingly enlarged, or the 
fastener could be reduced so that it has a length of 
0.36 inches (rather than 0.710 inches as describe 
above) , with the various dimensions of the fastener 
being correspondingly reduced. Alternatively, the 
dimensions of the fastener could be changed so as to 
nake the fastener longer and thinner, or shorter and 
fatter, etc. in this regard, it is to be. noted that 
the dimensions of the surgical fastener 100 given above 
are believed to be optimum for use in attaching 
ligaments to bones in the shoulder region; however, for 
other purposes (e.g;, for attaching ligaments to bones 
in the leg region) , mother dimensions may be more 
desirable. It is also to be appreciated that as the 
thickness of fastener 100 is altered, the size of the 
bore 205, 305 formed in ligament 200 and bone 300 may 
also need to be correspondingly adjusted so as to . 
enable fastener 100 to properly engage ligament 200 and 
bone 300 when lihe fastener is deployed. 

It is also anticipated that the thiclcness of guide 
wire 400 may also be varied, e.g. guide wire 400 might 
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be increased in diameter to a thickness of 
approjcinately 0.06 inches, or guide wire 400 might be 
reduced in diameter to a thickness of approximately 
0.025 inches, of course, in the event that the 
thickness of guide wire 400 is changed, the size of the 
bore 165 in fastener lOO and the size of the internal 
bores in cannulated drill 500 and hollow driver 600 may 
also need to be correspondingly changed. 

It is also anticipated that surgical fastener 100 
might be formed with more or less ribs 135 than the 
three ribs shown in Pigs. i-8. Thus, for example, a 
surgical fastener lOOA having eight ribs 135A is shown 
in Pigs. 9-11. Also, as seen with fastener lOOA of 
Pigs. 9-11, the ribs may contact one another directly 
(rather than being spaced from one another as is the 
case with fastener 100 shorn in Pigs. 1-8) , and the 
fastener's shank portion 115A may not be enlarged 
relative to the remainder of the fastener's shank. 
Furthermore, it is anticipated that a plurality of 
ligament-engaging projections 170A could be added to 
the lower surface 160A of head llOA to enhance the 
engagement of the fastener's head with ligament 200. 

It is also anticipated that the fastener's ribs 135 
night be undercut slightly at their top sides so as to 
aake them slightly more flexible. Thus, for exair5>le, a 
fastener lOOB having undercuts as shown at 175B in each 
of its ribs 135B is shown in Fig. 12. 

It is also to be appreciated that while the 
foregoing surgical fastener was described in the 
context of attaching a ligament to a bone, it might 
also be used to attach other ligament-like objects 
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(e.g. a tendmi or soma other type of soft tissue), both 
natural and aan-nade, to bona, or it aight ba used to 
attacai liganents or ligaaent-like objects to bone-like 
structures, i.e., the fastener might be used to attach 
an artificial ligament to a natural bone, or a natural 
ligament to an artificial prosthesis, etc. 

Furthermore, it- is also to be appreciated that 
certain changes might be made in the manner in which 
the surgical fastener is deployed. Thus, for exeunple, 
whereas in the foregoing description guide wire 400 is 
first set and cannulated drill 500 is then coaxially 
mounted onto the guide wire and then drilled into 
ligament 200 and bone 300, it is anticipated that the 
sequence could be altered somewhat so that cannulated 
drill 500 is first drilled into ligament 200 and bone 
300, then while cannulated drill 500 is positioned in 
ligament 200 and bone 300, guide wire 400 is passed 
through the cannulated drill's central bore 505 to 
engage bone 300, and then cannulated drill 500 is 
withdrawn, leaving guide wire 400 in place in ligament 
200 and bone 300. This alternative arrangement may be 
advantageous in the sense that cannulated drill 500 can 
act as a supporting cannula to help keep the thin guide 
wire straight during insertion, although it does have 
the disadvantage that the guide wire is not present 
during drilling by cannulated drill 500 so as to act as 
a guide for the drill. 

These and other changes of their type are 
considered to be within the scope of the present • 
invention. 
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Th* foUowing exanples are provided to illustrate 
the fabrication of the novel fastener herein disclosed. 

Example \, 

» 

The. 3 rib fastener of Figs. 1-8 was injection 
molded out of Haxon (R) (a copolymer conprising 
triaethylene carbonate and glycolide). The fastener 
had the foUowing dimensions: 

(1) Rib Diaaeter o.l57 inches 

(2) Head Diameter o.2S6 inches 

(3) Shaft Diameter o.l38 inches 

(4) overall Length o.710 inches 

(5) center Bore Diameter 0.048 inches 
The fasteners were post treated at lio degrees 

centigrade for 16 hours, and then ETO (ethylene oxide) 
sterilized. The fasteners were then implanted in 
canine humeri and demonstrated to worJc in a 
satisfactory manner. 

The 3 rib fastener, was molded out of 
Lactide/Glycolide copolymer (80/20 con^osition) for the 
nominal dimensions shown in Example 1 above. Tte 
fasteners were tested in canine humeri without any post 
treatment, and were demonstrated to work in a 
satisfactory manner. 

...... r 

Examnlft ;y. 

The 8 rib fastener of Pigs. 9-ii was molded out of 
Maxon (see above) and was then coated by dipping in an 
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approjclaately 10% solution of polylactlc acid in 
ttethylene chloride. The fasteners were then tested and 
were found to work in a satisfactory Banner. 

Example Ai 

Hydroxyapatite powder (Calcitech, San Diego, CA) 
was dry blended with Maxon (see above) and the 3 rib 
fasteners of Pigs. 1-8 were Bolded/ at an initial 
loading of 10% hydroxyapatite (H&) by weight. The 
fasteners were then tested and were found to work in a 
satisfactory Banner, 

Advantages of Vh^ TuY^Trt^^n 

Numerous advantages are achieved by using the 
present invention. 

First, the present invention provides a novel 
surgical fastener of the sort adapted to attach soft 
tissues (e.g. ligaaents, tendons and thtt like) to bone 
and bone-like structures. 

Second, the present invention provides a novel 
surgical fastener of the sort adapted to attach soft 
tissues (e.g. ligaments, tendons and the like) to bone 
and bone-like structures, wherein the fastener is 
designed to BlniBise 'bone necrosis. 

Third, the present invention provides a novel 
surgical fastener of the sort adapted to attacdi soft 
tissues (e.g. ligaments, tendons and the like) to bone 
and bone-like structures, wherein the fastener is 
designed to be used arthroscoplcally. 

Fourth, th€s present invention provides novel means 
for deploying the aforementioned surgical fastener in a 



wo 89/01767 



PCr/US88/03041 



-18- 



remote, e.g. arthroscopic, location. 

Pifth, the present Invention provides a coaplete 
system for attaching soft tissues (e.g., ligaments, 
tendons and the like) to bene and bone-like structures. 

And sixth,, the present invention provides a novel 
method for attaching soft tissues (e.g. , ligaments, 
tendons and the like) to bone and bone-like structures. 
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mT IS CIAIMEP TSs 

1. A siirglcal fastener for attaching a soft tissue 
(e.g. a ligament, tendon or the like) to a bone or 
bone-like structure, said fastener comprising; 

a shank having first and second ends, and a 
longitudinal axis extending from said first end to said 
second end, and 

an enlarged head disposed on said second end of 
said shank; 

said shank having at least one rib disposed 
intermediate its said first and second ends, and 

said fastener having a bore extending completely 
through said shank and said head along said 
longitudinal axis. 

2. A surgical fastener according to claim 1 
wherein said fastener cos^rises three ribs« 

3. A surgical fastener according to claim 1 
wherein said fastener is formed out of polypropylene, 
Hytrel (R) copolyester, or homopolymer polyesters, 
e-g-f polyethylene terephthalate or polybutylene 
terephthalate, or nylon, or polyethylene, or 
polycarbonate, or acrylonitrile butadiene styrene block 
copolymers, so as to be substantially non-absorbable to 
the human body. 

4. A surgical fastener according to claim 1 
wherein said fastener is formed out of homo and 
copolymers of glycolide and trimethylene carbonate, 
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homo and copolyjiers of lactide and glycolide, or a 
blend of these homopolymers and copolymers, so as to be 
substantially absorbable to the hunan body. 

5. A surgical fastener according to claim 4 
wherein said fastener is coated with caprolactene and 

glycolide hoao and copolymers, or glycolide and lactide 
homo and copolymers, so as to delay the absorption of 
the fastener into the human body. 

6. A surgical fastener according to claim 1 
wherein said fastener is formed out of a composite 
coa^rising a bone growth promoter sudh as 
hydroxyapatite or calcium phosphate. 

7. A surgical fastener according to claim 1 
wherein said fastener is coated with a functional agent 
such as an antibiotic, anticancer drug, etc. to ' 
facilitate delivery of the agent to the implant site. 

8. A surgical fastener according to claim i 
wherein said first end of said shank is substantially 
pointed. 

9. A surgical fastener according to claim l 
wherein said head con?)rises at least one projection 
extending away, from -said head toward said first end of 
said shank. 

10. A surgical system for attaching a soft tissue 
(e.g. a ligament; tendon or the like) to a bone or 
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bone-like structure, said system craprisin? a fastener 
for attaching said soft tissue to said bone or 
bone-like structure, and delivery aeans for delivering 
said fastener to the attachment point, 

said fastener comprising: 

a shank having first and second ends, and a 
longitudinal axis extending from said first end to said 
second end, and 

an enlarged hiaad disposed oh said second end of 
said shank; 

said shank- having at least one rib disposed 
intermediate its said first and second ends, and 

said fastener having a bore extending con^letely 
through said shank and said head along said 
longitudinal axis, and 

said deliv^ means eonprising a guide wire having 
first and second ends and adapted to have its first end 
disposed adjacent said attachment point, 

whereby said fastener may be coaxially mounted to 
said guide wire at said second end of said guide wire 
by passing said guide wire through said fastener bore, 
and said fastener may thereafter be delivered to said 
attachment point by sliding said fastener along said 
guide wire from said second end of said guide wire to 
said first end of said guide wire. 

11. A surgical system according to claim 10 wherein 
said fastener, comprises three ribs. 
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12. A surgical fastener according to claim lo 
wberein said fastener is fotswd out of polypropylene, 
Hytrel (R) copolyester,. or hoBppolyner polyesters, 

polyethylene terephthalate or polybutylene 
terephthalate, or nylon, or polyethylene, or 
polycarbonate, or acrylonitrile butadiene styrene block 
copolymers, so as to be substantially non-absorbable to 
the humsm body. 

13. A surgical fastener according to claim 10 
wherein said fastener is formed out of homo and 
copolymers of glycolide and trimethylene carbonate, 
homo and copolymers of lactide and glycolide, or a 
blend of these homopolymers and copolymers, so as to be 
substantially absoriiable to the human body. 

14. A surgical fastener according to claim 13 
wherein said fastener is coated with caprolactone and 
glycolide homo and copolymers, or glycolide and lactide 
homo and copolymers, so as to delay the absorption of 
the fastener into the human faod^. 

15. A surgical fastener according to claim 10 
wherein said fastener is formed out of a composite 
comprising a bone growth promoter such as 
hydroxyapatite or calcium phosphate. 

16. A surgical fastener according to claim 10 
wherein said fastener is coated with a functional agent 
such as an antibiotic, anticancer drug, etc. to 
facilitate delivery «f the agent to the implant site. 
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17 • A surgical system according to claim 10 wherein 
said first end of said shank is substantially pointed. 

18. A surgical system according to claim 10 wherein 
said head comprises at least one projection extending 
away from said head toward said first end of said 
shank, 

19. A stirglcal system for attaching a soft tissue 
(e.g. a ligament, tendon or the like) to a bone or 
bone-like structure, said system comprising hole 
forming means for forming a bole in said soft tissue 
and said bone or bone-like structure when said soft 
tissue is positioned against said bone or bone-like 
structure^ a fastener for attaching said soft tissue to 
said bone or bone-like structure, and delivery means 
for delivering said fastener to said hole, 

said hole forming means comprising a drilling 
member, 

said fastener coatprising: 

a shank having first and second ends, and a 
longitudinal axis extending from said first end to said 
second end, and 

an enlarged head -disposed on said second end of 
said shank, 

said shank having at least one rib disposed 
intermediate its said first and second ends, and 

said fastener having a bore extending completely 
through said shank and said head along said 
longitudinal axis; and 

said delivery means coaprising a guide wire having 
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f irst and second ends and adapted to have its first end 
disposed in said ho:^, 

whereby said hole forming neans nay be used to form 
a hole in said soft tissue and said bone or bone-like 
structure, and said fastener may be coaxially mounted 
to said guide wire at said second end of said guide 
wire by passii^ said guide wire throuc^ said fastener 
bore, and said fastener may be delivered to said hole 
by sliding said fastener along said guide wire from 
said second end of said guide wire to said first end of 
said guide wire, and said fastener may thereafter be 
set in said hole so as to attach said soft tissue to 
said bone or bone-like structure. 

20. A surgical system according to claim 19 irtierein 
said drilling mefflber comprises. a cannulated drill 
having an axial bore adapted to accommodate said guide 
%rire. 

21. A surgical system according to claim 19 wherein 
said fastener eoo^rises three ribs. 

•22. A surgical fastener according to claim 19 
wherein said fastener is formed out of polypropylene, 
Hytrel (R) copolyester, or homopolymer polyesters, 
e.g. , polyethylene terephthalate or pol^tylene 

terephthalate, or nylon, or polyethylene, or 
polycarbonate, or acrylonitrile butadiene styrene block 
copolymers, so as to be substantially non-absorbable to 
the human body. 
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23. A surgical fastener according to claim 19 
wherein said fastener is fonned out of homo and 
copolymers of glycolide and trimethylene carbonate, 
homo and copolymers of lactide and glycolide, or a 
blend of these, homopolymers and copolymers, so as to be 
substantially absorbable to the human body. 

24. A surgical fastener according to claim 23 
wherein said fastener is coated with caprolactone and 
glycolide homo and copolymers, or glycolide and lactide 
homo and copolymers, so as to delay the absorption of 
the fastener into the human body. 

25. A surgical fastener according to claim 19 
wherein said fastener is formed out of a composite 
comprising a bone growth promoter such as 
hydroxyapatite or calcium phosphate. 

26. A surgical fastener according to claim 19 
wherein said fastener is coated with a functional agent 
such as an antibiotic, anticancer drug, etc. to 
facilitate delivery rof the agent to the implant site. 

27. A surgical system according to claim 19 wherein 
said first end of said shank is substantially pointed. 

28. A surgical system according to claim 19 wherein 
said head comprises at least one projection extending 
away from said head toward said first end of said 
shank. 
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29, A method for attaching a spft tissue (e.g. a 
ligament, tendon or the like) to a bone or bone-like 
structure, said method CQs^rising the steps o£: 

(1) providing a fastener conprising a shank having 
first and second ends, and a longitudinal axis 
extending from said first end to said second end, and 
an enlarged head disposed on said second end of said 
shank, said shank having at least one rib disposed 
intermediate its first and second ends, and said 
fastener having a bore extending completely through 
said shank and said head along said longitudinal axis, 

(2) positioning said soft tissue against said bone 
or bone-like structure, 

(3) passing a first end of a guide wire through 
said soft tissue and into said bone or bone-like 
structure; 

(4) mounting a cannulated drill having an axial 
bore therein onto a second end of said guide wire by 
passing said guide wire through said axial bore, moving 
said cannulated drill along said guide wire from said 
second end of said guide wire toward said first end of 
said guide wire and, using said guide wire as a drill 
guide, drilling through said soft tissue and into said 
bone or bone-liice structure so as to form a hole 
therein, and then withdrawing said cannulated drill 
from said guide wire at said second end of said guide 
wire; 

(5) mounting said fastener coaxially onto said 
guide wire at said second end of said guide wire by 
passing said guide wire through said fastener bore; 

(6) mounting a hollow driver having an axial bore 
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and a driving surface onto said second end of said 
guide wire by passing said guide wire throuc^ said 
axial bore, and repeatedly striking said head of said 
fastener with said driving surface' of said hollow 
driver so as to drive said shank of said fastener 
through said soft tissue and Into said bone or 
bone-like structure, whereby said head of said fastener 
will captivate said soft tissue to said bone or 
bone-like structure; 

(7) withdrawing said hollow driver from said guide 
wire at said second end of said guide wire; and 

(8) withdrawing said guide wire from said soft 
tissue and said bone or bone-like structure. 

30. A method according to claim 29 including the 
additional step of sealing said fastener bore with bone 
wax after the guide wire has been withdrawn from said 
soft tissue and said bone or bone-like structure. 

31. A method according to claim 29 itterein said 
fastener comprises three ribs. 

32 • A surgical fastener according to claim 29 
wherein said fastener is formed out of polypropylene, 
Hytrel (R) copolyester, or homopolymer polyesters, 
e.g., polyethylene terephthalate or polybuty.lene 
terephthalate, - or nylon, or polyethylene, or 
polycarbonate, ; or acrylonitrile butadiene styrene block 
copolymers, so as to be substantially non-absorbable to 
the human body> 
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33. A surgical fastener according to claia 29 
wherein said fastener is formed out of homo and 
copolymers of glycolide and triaethylene carbonate, 
homo and copolyners of laetide and glycolide, or a 
blend of these hoanopolymers and copolymers, so as to be 
substantially absorbable to the human body. 

34. A surgical fastener according to claim 33 
wherein said fastener is coated with caprolactone and 
glycolide homo and copolymers, or glycolide and laotide 
homo and copolymers, so as to delay the absorption of 
the fastener into the human body. 

35. A surgical fastener according to claim 29 
wherein said fastener is formed out of a composite 
comprising a bone growth promoter such as 
hydro^qfapatite or calcium phosphate. 

36. A surgical fastener according to claim 29 
wherein said fastener is coated with a functional agent 
such as an antibiotic, anticancer drug, etc. to 
facilitate delivery of the agent to the Implant site. 

37. A method according to claim 29 wherein said 
first end of said shank is substantially pointed. 

38. A method according to claim 29 wherein said 
head comprises at least one projection extending away 
from said head- toward said first end of said shanJc. 
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39. A method for attadxing a soft tissue (e.g. a 
ligament, tendon or the like) to a bone or bone-like 
structure, said method comprising the steps of: 

(1) providing a fastener comprising a shank having 
first and second ends, and a longitudinal axis 
extending from said first end to said second end, and 
an enlarged head disposed on said second end of said 
shank, said shank having at least one rib disposed 
intermediate its first and second ends, and said 
fastener having a bore extending completely through 
said shank and. said head along said longitudinal axis, 

(2) positioning said soft tissue against said bone 
or bone-like structure; 

(3) drilling through said soft tissue and into said 
bone or bone-like structure with a cannulated drill 
having an axial bore therein so as to form a fiole 
through said soft tissue and into said bone or 
bone-like structure; 

(4) while said cannulated drill is in place in said 
soft tissue and said bone or bone-like structure, 
passing a first end of a guide wire through said axial 
bore of said cannulated drill so that said first end of 
said guide wir6 engages said bone or bone-like 
structure; 

(5) rfflnoving said cannulated drill from said soft 
tissue and said bone or bone-like structure, while 
leaving said first end of said guide wire in engagement 
with said bone or bone-like structure; 

(6) mounting said fastener coaxialiy onto said 
guide wire at said second end of said guide wire by 
passing said guide wire through said fastener bore; 



WO89/017«7 PCrAJS88/03041 



-30- 



(7) mounting a hollow drivar having an axial bore 
and a driving surfaca onto said second end of said 
guide wire by passing said guide wire through said 
axial bore, and repeatedly striking said head of said 
fastener with said driving surface of said hollow 
driver so as to drive said shank of said fastener 
through said soft tissue and into said bone or 
bone-like structure, whereby said head of said fastener 
will captivate said soft tissue to said bone or 
bone-like structure; 

(8) withdrawing said hollow driver from said guide 
wire at said secohd.end of said guide wire? and 

(9) withdrawing said guide wire from said soft 
tissue and said bone or bone-like structure. 

40. A method according to claim 39 including the 
additional step, of sealing said fastener bore with bone 
wax after the guide wire has been withdrawn from said 
soft tissue and said bone or bone-like structure. 

41. A method according to claim 39 whereiq said 
fastener comprises three ribs. 

42. A surgical fastener according to claim 39 
wherein said fastener is formed out of polypropylene, 
Hytrel (R) copolyester, or homopolymer polyesters, 
e.g., polyethylene terephthalate or polybutylene 
terepiithalate, .or nylon, or polyethylene, or 
polycarbonate, or adrylonitrile butadiene styrene block 
copolymers, so as to be substantiallj" non-absorbable to 
the human bo^.' 
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43. A surgical fastener according to claim 39 
wherein said fastener is formed out of homo and 
copolymers of glycolide and trimethylene carbonate, 
homo and copolymers of lactide and glycolide, or a 
blend of these homopolymers and copolymers, so as to be 
substantially absorbable to the human body. 

44. A surgical fastener according to claim 43 
wherein said fastener is coated with caprolactone and 
glycolide homo and copolymers, or glycolide and lactide 
homo and copolymers, so as to delay the absorption of 
the fastener into the human body. 

45. A surgical fastener according to claim 39 
wherein said fastener is formed out of a composite 
coiq)rising a bone growth promoter such as 
hydroxyapatite or calcium phosphate. 

46. A surgical fastener according to claim 39 
wherein said fastener is coated with a functional agent 
such as an antibiotic, anticancer drug, etc. to 
facilitate delivery of the agent to the implant site. 

47. A method according to claim 39 wherein said 
first end of said shank is substantially pointed. 

48. A method according to claim 39 wherein said 
head comprises at least one projection extending away 
from said head, toward said first end of said shank. 
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